This investigation was undertaken to further delineate the subceilular manifestations of arsenic toxcity following chronic exposure using combined ultrastructural and biochemical techniques. Male rats were given access to deionized drinking water solutions containing 0, 20, 40, or 85 arsenic arsenate (AS+5) for 6 weeks. In situ swelling of liver mitochondria was the most prominent ultrastructu al change observed. Mitochondrial respiration studies indicated decreased state 3 respiration and respiratory control ratios (RCR) for pyruvate/malate but not succinate mediated respiration. Specific activity of mon oxidase which is localized on the outer mitochondrial membrane showed increases of up to 150%o of control and cytochrome-C oxidase which is localized on the inner mitochondridal membrane showed increases in specific activity of 150200%o. Activity of malate dehydrogenase which is localized in the mitochondrial matrix was unchanged at any dose level. These studies indiate that decreased mitochondrial respiration is only one aspect of arsenic toxicity to this organelie. Marked arsenic-mediated perturbation of important enzyme systems localzed in mitochondria which participate in the control ofrespiration and other normal mitochondrial functions are also important manifestations of cellular dysfuncdon.
Introduction
The liver is known to concentrate arsenic following exposure (1, 2) and to play an important role in the in vivo metabolism of this element. Humans exposed to dietary arsenic for prolonged periods (3, 4) have been observed to develop pronounced liver damage, thus identifying this organ as a target for arsenic toxicity. The exact cellular mechanisms by which arsenic produces hepatotoxicity in vivo are unknown but probably reflect differential damage to a number of cellular organelle systems and their attendant biochemical functions. In vitro studies (5) (6) (7) (8) (9) have previously demonstrated that mitochondria are highly sensitive to damage from arsenicals. These organelles which have a number of cellular functions ( Fig. 1) are actively known to accumulate arsenic (10) component (11) which is thought to be associated with the electron transport chain.
The present study was undertaken to evaluate the effects of ingested arsenate (As+5) on liver mitochondria of rats using a combination of ultrastructural and biochemical techniques. In situ morphological findings were related to changes in respiratory function and the activities of marker enzymes localized in different mitochondrial compartments. Other studies dealing with the inhibitory effects of arsenate exposure on pyruvate dehydrogenase activity (12) and heme biosynthetic pathway (13) are presented in other papers.
Materials and Methods
In this experiment, 72 male Charles River CD rats were divided into four groups of 18 each and fed a casein-based purified diet (14) . These groups were given access to deionized drinking water containing 0, 20, 40, or 85 ppm arsenic as sodium arsenate (As+5) respectively for 6 weeks. At the end of this period, the animals were killed by decapitation sons were performed by using the Mann-Whitney U test (19) and dose-response relationships evaluated by using Jonckheere's test (20) .
Results
No mortality occurred among any of the treatment groups during the course of the experiment and significant depression of growth rate occurred among only those animals exposed to the 85 ppm As+5 dose level (Fig. 2) .
The ultrastructural appearance of a hepatocyte from a control rat is given in Figure 3 . Hepatocytes from animals given the 20 ppm As+5 dose level had a similar architecture and but occasional cells containing swollen mitochondria were observed. Mitochondria in hepatocytes from animals given the 40 and 85 ppm As+5 dose levels showed extensive swelling and matrix rarification. This phenomenon appeared to be most pronounced in those cells near the periphery of liver lobules (Fig.  4) . At the 85 ppm dose level, large lipidic vacuoles 
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Environmental Health Perspectives were frequently observed in these cells (Fig. 5) . Large bundles of interstitial connective tissue were also present in hepatocytes from these rats (Fig. 6 ). Mitochondrial respiratory function was assessed in these same animals (Fig. 7) . Decreased respiratory control ratios (RCR) and depressed state 3 respiration were observed for pyruvate/malate but not succinate. These effects were most pronounced in animals given the 40 and 85 ppm As+5 dose levels. P/O ratios were measurably depressed for both succinate and pyruvate/malate substrates at only the 85 ppm dose level.
The effects of As+5 exposure on the mitochondrial marker enzymes MAO, CO, and MDH are given in Figure 8 . (6, 8, 9) and in vivo (21) .
The results of marker enzyme assays performed on liver mitochondria from animals used in the present study, disclosed that mitochondrial swelling was associated with increases in the specific activities of MAO and CO which are localized on the outer and inner mitochondrial membranes, respectively. The Other studies which relate the ultrastructural damage observed in this report to perturbation of mitochondrial heme biosynthetic pathway enzymes and subsequent porphyrinuria are described in an adjacent paper (13) . Current research efforts are focussed on relating arsenate-induced changes in mitochondrial membrane structure to ion and substrate transport capability.
